The new prenylflavonoid, isonymphaeol-B (1), together with three known compounds, nymphaeol-A (2), nymphaeol-B (3), and nymphaeol-C (4), were isolated from propolis collected in Okinawa, the southern-most prefecture of Japan. The structure of each compound was determined by spectral methods, including mass spectrometry and 2D NMR. Each compound had 1,1-diphenyl-2-picryl-hydrazyl radical-scavenging activity.
Propolis, a natural substance collected by honeybees from buds and exudates of certain trees and plants to protect their beehive from enemies, is used in folk medicines in many regions of the world and has been reported to have various biological activities such as antibacterial, 1) antiviral, 2) antiinflammatory, 3) and anticancer 4) properties. Propolis is extensively used in food and beverages to improve health and prevent such diseases as inflammation, heart disease, diabetes, and cancer. 5) Propolis usually contains a variety of chemical compounds such as polyphenols (flavonoids, phenolic acids and their esters), terpenoids, steroids, and amino acids. The composition of propolis depends upon the vegetation at the site of collection. Due to the geographical difference, propolis samples from Europe, South America, and Asia have different chemical compositions. 6, 7) Propolis from Europe and China contained many kinds of flavonoids and phenolic acid esters. 8) In contrast, the major components in propolis of Brazilian origin were terpenoids and prenylated derivatives of p-coumaric acids. 9, 10) However, the detailed components of Japanese propolis have not been reported. Fujimoto et al. have studied the components in propolis from different geographic origins of Japan and reported that propolis from Okinawa has constituents not present in propolis from other regions. 11) Okinawa is the southern-most prefecture of Japan and has a subtropical climate.
We thus examined the components in propolis collected in Okinawa, and isolated four components (1-4). We here describe the structural determination and 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical-scavenging activity of these compounds.
Compound 1 was obtained as a yellow powder. The molecular formula of 1 was determined to be C 25 H 28 O 6 by HRFABMS. The IR spectrum of 1 indicated the presence of hydroxyl and carbonyl functions. The 1 H-NMR spectrum of 1 in acetone-d 6 exhibited the signal for a phenolic OH at H 12.17 (s, OH-5), which was a hydrogen strongly bonded to the 4-carbonyl group. The ABX system at H 5.35 (1H, dd, J ¼ 12:2, 2.9 Hz), 2.74 (1H, dd, J ¼ 17:1, 2.9 Hz), and 3.12 (1H, dd, J ¼ 17:1, 12.2 Hz) was diagnostic for H-2 and H-3 of a flavanone nucleus. The appearance of three olefinic methyl groups ( H 1.57, 1.63, 1.73), four methylene protons ( H 2.06, 2.12), and two benzylic methylene protons ( H 3.38), and two vinyl protons ( H 5.12, 5.38) indicated the presence of a geranyl group. The 13 C-NMR spectrum of 1 contained 25 carbon signals (Table 1 ). The signals in the 1 H-and 13 C-NMR spectra were assigned from the 1 H-1 H COSY, HSQC, and HMBC data. In the HMBC spectrum of 1, the methylene signal at H 3.38 (H-1 00 ) was observed to be correlated with C-4 0 ( C 144.30) and C-6 0 ( C 119.97), indicating that the geranyl group was attached to C-5 0 (Fig. 1) . The configuration of the 2-positions of 1 was determined to be S by comparing with the CD spectra of nymphaeol-B and related compounds. 12, 13) Thus, compound 1 was determined to be 5,7,3 0 ,4 0 -tetrahydroxy-5 0 -C-geranylflavanone, a new prenylated flavonoid named isonymphaeol-B.
Compounds 2-4 were deduced to be closely related to 1 from their 1 H-and 13 C-NMR spectral data. By comparing their spectral data with reported values, 12) 2, 3 and 4 were identified to be nymphaeol-A, nymphaeol-B, and nymphaeol-C, respectively. Nymphaeols A-C (2-4) are reported to have been isolated from Hernandia nymphaefolia. 12) Nymphaeol-B has recently been isolated from Taiwanese propolis. 14) However, this is the first report of the isolation of 2 and 4 from propolis.
Compounds 1-4 were evaluated for their radicalscavenging activity by using DPPH. 15) The results show that compounds 1-4 had strong radical-scavenging activity with IC 50 values of 8.5 (1), 6.5 (2), 7.1 (3), and 9.8 (4) g/ml.
General Experimental Procedure. Melting point (mp) data were recorded by a Bibby SMP 3 micro-melting point apparatus and are uncorrected. Optical rotation values were determined by a Jasco DIP-1000 digital polarimeter. UV spectra were obtained by a Hitachi U-2000 spectrometer, IR spectra were recorded by a Jasco FT/IR-550 spectrometer, and CD spectra were recorded by a Jasco J-600 spectrometer.
1 H-and 13 C-NMR spectra were measured by a Jeol JNM-400 (400 and 100 MHz, respectively), using TMS as an internal standard. FAB mass spectra were obtained by a Jeol JMS-700 spectrometer, using glycerol as a matrix, and ESI mass spectra were recorded by a Thermo Electron LCQ spectrometer.
Extraction and Isolation. Propolis collected in Okinawa in Japan was supplied by Aragaki Beefarm Inc. (Okinawa, Japan). The dried propolis sample (50 g) was extracted with 500 ml of ethanol at room temperature for 12 h while stirring, and then concentrated under reduced pressure to give a crude extract. This extract was subjected to silica gel column chromatography (50 Â 450 mm i.d.), eluting with a hexane/EtOAc gradient system. The fraction eluted with hexane-EtOAc (6:4) was rechromatographed by preparative HPLC in a 20 Â 250 mm i.d. ODS column (YMC-Pack R&D, YMC, Japan) with 0.1% trifluoroacetic acid (TFA) in CH 3 CN-H 2 O (6:4) at 9 ml to give 1 (66 mg), 2 (100 mg), 3 (61 mg), and 4 (20 mg). References 1) Kujumgiev, A., Tsvetkova, I., Serkedjieva, Y., Bankova, V., Christov, R., and Popov, S., Antibacterial, antifungal Prenylated Flavonoid from Propolis 261
Isonymphaeol-B (1).

